• In this study, the relaxative effects of blackcurrant juice were investigated on the gastrointestinal smooth muscle of the rat ileum in vitro. Blackcurrant fruit juice reduced the contractility of the ileum induced by acetylcholine, potassium chloride, calcium chloride, and barium chloride. This antispasmodic effect of blackcurrant juice supports its possible use as a herbal remedy in the management of common gastrointestinal disorders.
acetylcholine (Ach). The results are expressed as the mean ± standard deviation obtained in 6 measurements and statistical significance was determined by the Student t test, with p < 0.05 taken as significant. Results: The blackcurrant cultivar Ometa significantly reduced the frequency and the amplitude of spontaneous contractions (57.94 ± 3.44%) and Ach-induced contractions (42.74 ± 5.36%; p < 0.05) of the isolated rat ileum. Cumulative concentrations (0.01-3 mg/ mL) of the Ometa juice also reduced contractions of the isolated rat ileum stimulated by KCl (51.46 ± 6.87%), CaCl 2 (57.54 ± 6.47%), and BaCl 2 (58.54 ± 10.55%). The inhibitory effects of the juice were proportional to the applied concentration. Conclusion: The antispasmodic effect of Ometa cultivar shows that common gastrointestinal disorders could be treated by the functional food.
Introduction
The gastrointestinal tract is a system responsible for the intake and digestion of food, absorption of nutrients, and the elimination of end products of food digestion. Functional disorders of the gastrointestinal system include the symptoms manifested in the mid or lower part of the digestive tract that cannot be attributed to anatomical or biochemical dysfunctions [1, 2] . These disorders comprise approximately 40% of diagnosed gastrointestinal problems [3] . Functional dyspepsia is the most common dysfunction of the upper digestive tract, and irritable bowel syndrome of the lower part [4] . However, functional gastrointestinal disorders are a consequence of a combination of the predisposing genetic factors, environmental conditions, and composition and/or function of the intestinal microbiota [5, 6] . Food plays an essential role both in the development and prevention of these disorders.
Blackcurrant (Ribes nigrum L., Grossulariaceae) is a plant species grown domestically and commercially for its aromatic berries. Studies on the chemical composition of blackcurrant fruit revealed that these berries are rich in different classes of flavonoids, such as anthocyanins (delphinidin-3-O-rutinoside, cyanidin-3-O-rutinoside), flavonols (myricetin, quercetin), phenolic acids (chlorogenic and neochlorogenic acid), flavanols (epicatechin and catechin), as well in vitamin C. Flavonoids make up a third of the total phenol content and a dominant group of flavonoids are anthocyanins [7, 8] . Due to the high anthocyanin content, this plant species is used as a natural colorant in the food industry.
Blackcurrant is used in traditional European medicine for the treatment of rheumatic diseases, hypertension, diabetic neuropathy, neoplastic, and neurodegenerative diseases [9, 10] . Blackcurrant increases the level of highdensity lipoprotein cholesterol and lowers plasma triglycerides and total cholesterol [11] . Currant seed oil has been reported to reduce the levels of inflammatory markers in the serum [12] , and to act as a potential anticoagulant [13] .
Experiments had shown that blackcurrant leaf extract reduced platelet aggregation, significantly increased the cell viability in lower doses of polyphenols, and increased the CD39-positive fraction of endothelial cells and nitric oxide synthase activation [14] . Extracts of blackcurrant fruit and leaves extracts increase the resistance of red blood cell membranes against free radicals [15] . Blackcurrant flavonoids exhibit phytoestrogen activity [16] .
Flavonoids, which are abundant in blackcurrants, have been shown to cause the relaxation of the smooth muscle [17] [18] [19] [20] . Therefore, the aim of this paper was to investigate the effects of blackcurrant juice on spontaneous motility and contractility on the intestinal smooth muscle of rats in vitro.
Materials and Methods

Plant Material and Sample Preparation
The fruits of blackcurrant (R. nigrum L.) cultivar Ometa were hand-picked from June to July 2010 in the experimental field of the Faculty of Agriculture in Belgrade, located in Mislođin, the region of Obrenovac, Serbia. The juices were obtained manually from the fresh, undamaged fruits, and then centrifuged for 10 min at 8,050 g. Supernatants were stored in closed containers at -18 ° C and dissolved in Tyrode solution to the desired concentration when needed. Tyrode solution consisted of 150 mM NaCl, 2.7 mM KCl (potassium chloride), 2 mM MgCl 2 , 1.8 mM CaCl 2 (calcium chloride), 0.4 mM NaH 2 PO 4 , 12 mM NaHCO 3 , and 5.5 mM of glucose. 
Experimental Animals
Experimental Design
Four segments of the each rat ileum were used in the experiments. The animals were anesthetized by ether and the abdominal cavity opened. The segments of the distal parts of the ileum were dissected out. Then 2-cm-long segments of the rat ileum were placed in a bath filled with Tyrode solution, aerated with a mixture of 5% carbon dioxide and oxygen, and heated to 37 ° C. Contractions of the isolated ileum were measured using a transducer (TSZ-04-E, Experimetria Ltd, Budapest, Hungary) and analyzed using the SPEL Advanced ISOSYS Data Acquisition System (Experimetria Ltd). Once the ileum segments were placed in a bath, adaptation to conditions lasted 30 min before the start of the experiment. The increasing concentrations of juice (0.01-3 mg/mL) were added to the organ bath directly. After each series of experiments, the tissue was rinsed with Tyrode solution and stabilized for 10 min. A concentration-response curve was obtained by the cumulative addition of the juices that were added in 15-min intervals, so the tissue was exposed to juices for 1.5 h.
A cumulative impact of the blackcurrant juice (0.01-3 mg/mL) on the spontaneous contractions of the rat ileum was measured in the first experimental series. Papaverine was used as a positive control (0.01-3 μg/mL). Results are presented as the percentage change of the basal tone compared with baseline values (% of inhibition of ileal contractility). The mechanism of the relaxant effects of blackcurrant juice on ileum contractility was assessed in the second experimental series. Acetylcholine (Ach; 5-1,500 nM; 0.1 mL) was cumulatively added to the bath, in the absence or presence of the juice (1-3 mg/mL). The effect of blackcurrant juice on Ach-induced contraction of the ileum is expressed as the percentage reduction of contractions compared to the control series (when only Ach was applied in the absence of juice). Atropine (140 nM), a nonselective muscarinic receptor blocking agent, was used as a positive control.
The third experimental series examined the effect of the blackcurrant juice on calcium channel activity of the rat ileum. The smooth muscles of the ileum were contracted with a depolarizing solution of KCl (80 mM). A high concentration of K + induced tonic contractions of the intestine, which followed the cumulative addition of the blackcurrant juice (0.01-3 mg/mL). The same procedure was repeated with verapamil (0.015-1.5 μg/mL), a calcium channel blocker. The relaxation of potassium-induced contractions of the ileum by blackcurrant juice is expressed as a percentage of the reduced contraction caused by potassium ions, without the addition of the juice.
The impact of the blackcurrant juice on barium chloride (BaCl 2 )-induced contractions (3-900 µM) of the rat ileum was also examined. Contractions were induced by CaCl 2 in Ca 2+ -free medium. Cumulative concentration-response curves of Ca 2+ were obtained by cumulatively adding CaCl 2 in the absence and presence of the juice (1 and 3 mg/mL) and verapamil (0.3 μmol/L).
Statistical Analysis
Data were statistically analyzed and expressed as the mean ± standard deviation (SD) obtained in 6 measurements. Statistical significance was determined by the Student t test, with p < 0.05 taken as significant. The effective concentration EC 50 (concentration that causes 50% of maximal response) was obtained by a regression analysis. Statistical significance of inhibitory effects caused by use of blackcurrant juice was examined by the Student t test. Significant statistical differences among EC 50 values were obtained by one-way ANOVA or Student t test. Analyses were performed using the SPSS statistical software package (v.20.0; SPSS, Chicago, IL, USA).
Results
Juice from blackcurrant cultivar Ometa significantly reduced the spontaneous contractions of the isolated rat ileum in a dose-dependent manner. The highest concentration of blackcurrant juice used in this study, i.e., 3 mg/ mL, significantly decreased ileum contraction (p < 0.01; Fig. 1 ). The EC 50 value for this concentration was 3.23 ± 0.11 mg/mL. In the second experimental series, blackcurrant juice significantly inhibited the Ach-induced contraction of the ileum (Fig. 2) proportional to the applied concentrations. Ometa juice (3 mg/mL) decreased the contractility of the ileum (56,495.53 ± 633.34 vs. 131,294.76 ± 11,816.02; p < 0.01). The EC 50 value for Ach (0.15 ± 0.05 nM) was increased in the presence of juice to 7.64 ± 3.01 nM. Atropine inhibited the stimulative effects of Ach (21,033.29 ± 1,261.39 vs. 131,294.76 ± 11,816.02; p < 0.01).
Cumulative concentrations of Ometa juice inhibited contractions of the isolated rat ileum stimulated by KCl (p < 0.01), with EC 50 values of 3.04 ± 0.42 mg/mL (Fig. 3) . Verapamil, a calcium channel blocker, relaxed KCl-induced contractions of the ileum (p < 0.01).
The effects of the juice and verapamil on Ca 2+ -stimulated contractions of the rat ileum in the absence of CaCl 2 are shown in (Fig. 4) . Ometa juice inhibited Ca 2+ -stimulated contractions of the isolated rat ileum (p < 0.01). Verapamil, a calcium channel blocker, also caused the inhibition of Ca 2+ -induced contraction of the ileum. The EC 50 value for calcium ions (0.61 ± 0.09 mM) was increased in the presence of Ometa juice (1.61 ± 0.31 mM).
The juice significantly reduced BaCl 2 -stimulated contraction of the isolated rat ileum in a concentration-dependent manner (Fig. 5) . A concentration of 3 mg/mL induced significant relaxation (p < 0.01). The EC 50 value for BaCl 2 (7.03 ± 0.82 µM) was increased to 518.29 ± 62.69 µM in the presence of the juice (3 mg/mL).
All the experiments were conducted in parallel with the control, using the same animal tissue. Significant statistical differences (one-way ANOVA test) were found among the EC 50 values of the juice, standards, and appropriate controls in Ach-, BaCl 2 -, and CaCl 2 -induced contractions (p < 0.001). The Student t test was used for the comparison of EC 50 of the juice and papaverine or verapamil for spontaneous and KCl-induced contractions, respectively (p < 0.001), and significant statistical differences were obtained (p < 0.001).
Discussion
In this study, blackcurrant juice has been shown to significantly reduce the contractility of smooth muscles of the rat ileum and to exert a spasmolytic effect. The relax- ant effects of the juice were reversed after washing of the tissue, showing that spasmolytic effects were not due to intestinal damage.
Spontaneous contractions of ileum smooth muscle are induced by cyclic depolarization due to the entry of calcium ions into the cells and the activation of contractile proteins. Contractility of the gastrointestinal system is regulated by a number of physiological mechanisms. Nervous and humoral factors, more precisely neurotransmitters of the enteric nervous system, regulate the spontaneous rhythmic contraction and relaxation of smooth muscles of the intestine. The enteric nervous system (brain-in-the-gut) is essential for normal motility of the small intestine [21] . It is known that extracts which affect the contractility of the intestine, have neurophysiological activity [22, 23] . Also, cholinergic antagonists have been used to decrease intestinal motility [24] . In order to verify the presence of cholinergic components in blackcurrant juice, we monitored its effect on Ach-induced contractions of the ileum.
In order to verify the presence of cholinergic components in the blackcurrant juice, we monitored its effect on Ach-induced contractions of the ileum. Ach caused dosedependent contractions of the ileum and achieved maximal effect 30 s after application. Ometa juice showed significant inhibitory effects on Ach-stimulated contractions of the rat ileum. The inhibitory effects of the juice were proportional to the applied concentration and reversible after rinsing the tissue with Tyrode solution. Ach, the most common neurotransmitter of the gastrointestinal system, increases intestinal muscle contractility. In the digestive tract, Ach activates nicotinic receptors, which are present in vegetative ganglia, or muscarinic receptors found on smooth muscles and parasympathetic nerve fibers [25] . The stimulation of muscarinic receptors on the membrane of smooth muscles increases the intracellular calcium concentration [26] [27] [28] . Muscarinic receptors in the smooth muscles induce signal transduction mediated by G-protein and activate phospholipase-C, resulting in the production of inositol-triphosphate and diacylglycerol. Inositol-triphosphate increases the concentration of calcium ions in the cell [29] .
Blackcurrant juice also caused significant relaxation of the ileum stimulated by high concentrations of KCl. High concentrations of potassium ions are known to cause tonic contraction of the smooth intestinal muscles, causing the opening of voltage-dependent L-type calcium channels, allowing the entry of calcium ions into the cell [30] . Therefore, substances that inhibit contractions induced by high K + concentrations are considered calcium channel blockers [31] . Ometa juice also inhibited contractions of the ileum smooth muscle stimulated by CaCl 2 in the absence of calcium ions. Verapamil, a calcium channel blocker, has also inhibited the ileum CaCl 2 -stimulated contractions. The results of the calcium ion-stimulated inhibition of contraction suggest that blackcurrant juice contains ingredients that can inhibit calcium channels. We observed that blackcurrant juice inhibited the BaCl 2 -induced contraction of the ileum. Barium causes the depolarization of smooth muscle, which results in the opening of voltage-dependent calcium channels and the entry of calcium ions into cells [30] .
Phytochemical analysis of blackcurrant cultivar Ometa has shown the presence of flavonoids, with myricetin as the dominant flavonol [32] , and cyanidin-3-O-rutinoside as the dominant anthocyanin as well as vitamin C [7] . The juice contains polyphenols, flavonoids, and anthocyanins, and possesses good antioxidative activity [7, 32] . It is also a valuable antimicrobial and antifungal agent. Flavonoids, the main components of numerous plant extracts, have been shown to cause relaxation of the smooth musculature in various animal species. The spasmolytic effect of flavonoids has been demonstrated on the ileum [17] [18] [19] [20] , bronchi, and the uterus of rats [33] in vitro and in vivo. Quercetin, one of the flavonoids found in blackcurrant juice, has been shown to have an inhibitory effect on the spontaneous contractions of rabbit duodenum [34] . Quercetin has produced a relaxant effect on isolated guinea pig ileum previously contracted by high concentrations of K + , and has inhibited intestinal contraction induced by different concentrations of calcium, showing a calcium-antagonistic effect [35] . Our results are consistent with such previous studies.
Conclusion
Blackcurrant (R. nigrum L.) cultivar Ometa fruit juice significantly reduced the contractility of the ileum smooth muscle. The juice inhibited spontaneous contractions, as well as contractions induced by Ach, KCl, CaCl 2 , and BaCl 2 . Hence, blackcurrant juice could have antispasmodic activity that might be used as a herbal remedy to reduce the contractility of the gastrointestinal system.
